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This invention relates to the improvement of 
plants by the modfication of lignin biosynthesis, 
particularly, but not exclusively, the improvement 
of digestibility of fodder crops. 

Grassland farmers, and farmers of other fodder 
crops, face a difficult decision each year about 
when to cut their crops for conservation. All 
grass varieties of agricultural importance suffer 
from the disadvantage that during the normal 
increase in dry matter yield with growth, the 
digestibility decreases. The farmer, therefore, 
has to compromise between a lower yield of highly 
digestible material and a higher yield of less 
digestible material. Another limitation is that 
harvesting at optimum maturity may be prevented by 
unfavourable weather, if the decline in 
digestibility could be controlled or delayed, 
higher yields of highly digestible material could 
be obtained and the prevailing weather conditions 
would not play such a major role in determining the 
quality of the harvested crop. 

Digestibility of fodder crops is determined, 
among other factors, by the amount of lignif ication 
which has taken place during growth of the plants 
and the degree of secondary modification of lignin 
deposited. Beside cellulose and other 
polysaccharides, lignins are an essential component 
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of the cell wall in tissues like the sclerenchyma 
and the xylem of vascular plants. They play an 
important role in the conducting function of the 
xylem by reducing the permeability of the cell wall 
5 to water. They are also responsible for the 

rigidity of the cell wall, and, in woody tissues, 
they act as a bonding agent between cells, 
imparting to the plant a resistance towards impact, 
compression and bending. Finally, they are 
10 involved in mechanisms of resistance to pathogens 
by impeding the penetration or the propagation of 
the pathogenic agent. 

Lignins are not only important in the 
productivity and performance of field crops but are 
15 also of great importance in trees for paper making. 
Considerable energy and chemical input is required 
to loosen, dissolve and remove lignin from the 
cellulose fibre which is required for paper making. 
In addition to these instances in which 
20 lignins present a constraint on the use of crop 

plants, lignins are also used as feedstocks for the 
preparation of speciality chemicals such as 
phenolics which can be used as precursors in 
chemical synthesis. Thus lignins and their 
25 biological and chemical modification are important. 
It is one of the objects of the present 
invention to provide a biotechnological procedure 
for the modification of both lignin content and 
lignin composition in plants. 
30 Lignins are the product of a dehydrogenative 

polymerization of three primary precursors: the 
trans— coniferyl , trans-sinapyl and trans-p-coumaryl 
alcohols. The monomers can occur in lignins in 
different proportions and with different types of 
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linkages both with each other and with the 
surrounding cell wall polysaccharides , thus 
producing a wide variety of polymers. These 
polymers, or "lignin cores" are always associated 
covalently with hemicelluloses . Most lignins also 
contain varying amounts of aromatic carboxylic 
acids in ester-like combinations. Such differences 
in the structure of lignins are usually found in 
plant species. However, differences in the 
composition of lignins, and even in the binding to 
the primary and secondary cell walls, can also 
occur in the same plant, between different tissues 
of different ages. The biosynthesis of lignin 
monomers is a part of the phenylpropanoid 
biosynthesis pathway, which is also responsible for 
the production of a wide range of compounds 
including flavonoid pigments, isof lavonoids, 
coumarin phytoalexins and cell division promoting 
dehydrodiconiferyl glucosides. 

Phenylalanine is deaminated to produce 
cinnamic acid. This acid is then hydroxylated and 
methylated, producing different acids substituted 
on the aromatic ring. Coenzyme A thioesters. of 
(p)-coumaric, ferulic and sinapic acids are then 
produced by the action of hydroxycinnamate: CoA 
ligase. These compounds are subsequently reduced 
by cinnamyl-CoA reductase (CCR) to cinnamaldehydes, 
which are finally converted to cinnamyl alcohols by 
the cinnamyl alcohol dehydrogenase (CAD). Only 
the last two reactions are specific for the 
biosynthesis of lignin. The cinnamyl alcohols are 
then believed to be transported to the cell wall 
where they are polymerised by peroxidase in the 
presence of hydrogen peroxide. 
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When the surface growth of the c 11 c ases, it 
is follow d by a phase of wall thickening 
(secondary wall formation) . Lignif ication takes 
place predominantly during this phase. It starts 
5 in the cell corners and extends along the middle 

lamella, through the primary wall and, finally, to 
the secondary wall. External factors can induce 
qualititave and quantitative modifications in 
lignification. The synthesis of new types of 
10 lignins, sometimes in tissues which are not 

normally lignified, may be induced by infection 
with pathogenic microorganisms. Lignification is 
stimulated by light, as well as by low calcium 
levels, by boron, by mechanical stress and by 
15 infection* 

Cinnamyl alcohol dehydrogenase: (CAD, E.C. 
1.1.1.195) catalyses the conversion of 
cinnamaldehydes to cinnamyl alcohols. CAD has been 
characterised for several different species: 
20 Forsythia suspensa , soybean ( Glycine max ), spruce 
( Picea abies ) , poplar f Populus euramericana ) and 
eucalyptus. 

In most instances, only one form of CAD, has 
been detected for each species except for soybean 

25 which has two isoenzymes, one of 43,000 daltons and 
one of 69,000 daltons. The first soybean isoenzyme 
is specific for coniferyl alcohol while the 69,000 
daltons soybean-isoenzyme and all other CAD can 
catalyse the formation of all the cinnamyl alcohols 

30 (i.e. coniferyl, sinapyl and coumaryl alcohols). 

However, the Km of CAD for the different cinnamyl 
alcohols varies between enzymes from different 
species. This variation may explain the different 
compositions of lignin core in differ nt species. 
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Indeed, lignin monomers cannot be synthesised in 
plants by any biochemical pathway not involving CAD 
and CCR. Thus CAD, as well as CCR, may be key 
enzymes in the regulation of lignif ication. The 
utilisation of inhibitors specific for these 
enzymes indicates that they may regulate the 
quantity of lignin rather than its composition. 
However, the Km values of soybean CAD isoenzymes 
for the different cinnamyl alcohols suggest that 
CAD isoenzymes may control the composition of 
lignin in some species. The presence of Zn2+ is 
required for the activity of CAD, as for other 
alcohol dehydrogenases. The reduction of 
cinnamaldehydes cannot be catalysed by CAD in the 
15 presence of NAD instead of NADP. The common 

sub-unit structure of CAD seems to be a dimer of 
approximately 80,000 daltons (each monomer having a 
molecular weight of approximately 40,000). However, 
it has been reported that the bean enzyme is a 
20 monomer with a molecular weight of 65,000, based on 
analysis of cDNA clones. Treatment of bean cell 
suspension cultures with a high-molecular-mass 
elicitor preparation heat-released from mycelial 
cell wall of the bean pathogen Collectotrichum 
25 lindemuthianum increases the extractable activity 
of CAD. The increased CAD activity might be 
regarded as a reaction of defense against 
pathogenic microorganisms, since an increase in the 
activity of this enzyme may be related to the 
deposition of lignin in the cell wall of infected 
cells, or to the synthesis of extracellular 
lignin-like material and other phenolic compounds 
involved in defense responses. 

Walter et al. (1988) have constructed a lamda 
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gtll cDNA library from elici tor-treated bean cells. 
This library was screened with antibodies raised 
against poplar CAD enzyme to identify the CAD cDNA 
clones. A 1.2 kb long cDNA clone was isolated and 
designated clone 4a. Subsequent experiments have 
however demonstrated that this clone does not 
encode CAD but malic enzyme (Walter et al., 1990). 

Therefore, although it was known that CAD may 
be a useful target for the modification of crop 
plants , this was in fact not practically possible 
using the information available. The work leading 
to the present invention provides a new method for 
the isolation of CAD enzyme to homogeneity, and 
CAD cDNA clones from various species, which can now 
be used to modify lignif ication of crop plants. 

Thus, plants with a reduced amount of lignin 
or modified lignin composition would be more 
efficiently used as a forage for cattle. The yield 
of milk and meat would be therefore increased. 
Furthermore, lignin may have a negative effect on 
plant growth. Thus, a reduction of the 
lignif ication in crops such as wheat, oilseed rape, 
sugar beet or maize might presumably increase the 
grain yield. Trees with reduced lignin contents or 
altered lignin structure will lead to a reduction 
in the cost of the paper as less lignin will have 
to be removed during the pulping process. On the 
other hand, novel papers may be produced due to the 
purity of cellulose fibre which could otherwise not 
be produced. 

The principal applications of the present 
invention are improvement of the digestibility of 
forage crops, reduction of lignin in woody 
feedstocks for cellulose fibre extraction, 



improvement of the response of crop plants to 
pathogen attack, and, improvement of timber 
quality. Some of these applications may require 
that the total amount of lignin be reduced: others 
may require that the amount of lignin.be increased. 
It may also be the case that alteration of the 
chemical composition of the lignin polymer will 
confer advantages in the selected application. 

Industrial processes for the extraction of 
cellulosic fibres from woody feedstocks amount in 
essence to a chemical extraction procedure for 
removing lignin. Once lignin is removed from the 
feedstock the cellulosic fibres may be recovered 
and manufactured into paper or utilised in other 
ways, for example the cellulose may be further 
processed into cellulosic films or yarn for weaving 
or knitting into fabrics. Reduction of the lignin 
synthesised by the plants used as feedstock, trees 
usually, will have a direct effect of reducing the 
chemical and energy demands of such extractive 
processes and reduce the amount of effluent 
material which well-recognised as a major potential 
environmental pollutant which is both difficult and 
expensive to process. Alteration of the chemical 
composition of the lignin will potentially alter 
the solubility characteristics of the lignin in the 
chemical extractants used. Again this should lead 
directly to a reduced usage of chemicals and lower 
energy requirements. Finally alteration of the 
lignin quality of presently unsuitable species may 
provide alternative feedstocks for the papermaking 
industry and the cut timber industry. 

Reduction of lignif ication can be achiev d by 
the application of chemical inhibitors to plants. 
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However, a more effective method controlling lignin 
d position and structure is the inhibition of 
expression of the CAD gene using anti-sense UNA. 
Antisense RNA technology is an appropriate 

5 molecular biology approach to the inhibition of 

lignification. An antisense RNA is an RNA produced 
by the transcription of the non-coding DNA strand 
(nonsense). Thus, antisense RNA has the same 
sequence as the coding DNA strand and is 

10 complementary to the mRNA product of a specific 
gene . 

As is well known, a cell manufactures protein 
by transcribing the DNA of the gene for that 
protein to produce RNA, which is then processed 
15 (e.g. by the removal of introns) into messenger RNA 
and finally translated by ribosomes into protein. 
This process may be inhibited by the presence in 
the cell of "antisense RNA". Therefore, as used 
herein, the term "antisense RNA" means an RNA 
20 sequence which is complementary to a sequence of 
bases in a mRNA: complementary in the sense that 
each base (or a majority of bases) in the antisense 
sequence (read in the 3' to 5 f sense) is capable of 
pairing with the corresponding base (G with C, A 
25 with U) in the mRNA sequence read in the 5' to 3' 
sense. It is believed that this inhibition takes 
place by formation of a complex between the two 
complementary strands of RNA, preventing the 
formation of protein. How this works is uncertain: 
30 the complex may interfere with further trans- 
cription, processing, transport or translation, or 
lead to degradation of the mRNA, or have more than 
one of these effects. Such antisense RNA may be 
produced in the cell by transformation with an 
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appropriate DNA construct arranged to transcribe 
backwards part of the coding strand (as opposed to 
the template strand) of the relevant gene (or of a 
DNA sequence showing substantial homology 
therewith). 

The use of this technology to downregulate the 
expression of specific plant genes has been 
described, for example in European Patent 
Publication No 271988 to ICI. Reduction of gene 
expression has led to a change in the phenotype of 
the plant: either at the level of gross visible 
phenotypic difference e.g. lack of lycopene 
synthesis in the fruit of tomato leading to the 
production of yellow rather than red fruit or at a 
15 more subtle biochemical level e.g. change in the 
amount of polygalacturonase and reduction in 
depolymerlsation of pectins during tomato fruit 
ripening (Smith et al, Nature, 334, 724-726, 1988; 
Smith et al, Plant Mol Biol 14, 369-380, 1990). 
20 Thus ant i sense RNA has been proven to be useful in 
achieving down-regulation of gene expression in 
plants. 

An object of the present invention is to 
provide plants having an altered ability to 
25 synthesise lignin. 

According to the present invention there is 
provided a recombinant DNA comprising a plant DNA 
having, in sequence a gene promoter sequence a 
coding region and a gene terminator, said coding 
30 region comprising a nucleotide sequence encoding a 
mRNA which is substantially homologous or 
complementary to mRNA encoded by an endogenous 
plant gene or a part thereof which encodes an 
enzyme essential to lignin biosynthesis, so that, 
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when incorporat d into a plant genome by 
transformation, mRNA transcribed from the said 
coding region inhibits production of the enzyme 
from the endogenous gene. 

Preferably the coding region encodes mRNA in 
antisense orientation to the mRNA encoded by the 
said endogenous gene. Such an antisense sequence 
may be isolated from the untranscribed strand of 
the DNA encoding the said endogenous gene. 

However, the coding region may alternatively 
be in the same orientation as the said endogenous 
gene. Such construction may lead to overproduction 
of the endogenous enzyme or it may inhibit 
production of same. 

It is preferred that the coding region has a 
minimum size of 50 bases. 

The target enzyme for controlling lignin 
production may be selected from the group 
consisting of cinnamyl alcohol dehydrogenase (CAD), 
cinnamoyl: CoA reductase (CCR) and catechol-0- 
methyl transferase (COMT1. 

The promoter may be selected from promoters 
known to operate in plants but is preferably 
selected from the group consisting of CaMV35s, 
GPAL2 , GPAL3 and endogenous plant promoter 
controlling expression of the endogenous target 
enzyme, for example, the promoter of the CAD gene. 

The invention also provides a method of 
inhibiting or altering lignin biosynthesis in a 
plant, comprising stably incorporating into the 
genome of the plant by transformation a recombinant 
DNA comprising a plant DNA having, in sequence a 
gene promoter sequence a coding region and a gene 
terminator, said coding region comprising a 
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nucleotide sequence encoding a mRNA which is 
substantially homologous or complementary to mRNA 
encoded by an endogenous plant gene or a part 
thereof which encodes an enzyme essential to lignin 
biosynthesis, so that, when incorporated into a 
Plant genome by transformation, mRNA transcribed 
from the said coding region inhibits production of 
the enzyme from the endogenous gene. 

Further, the invention provides a transformed 
10 plant possessing lower than normal ability to 

produce lignin characterised in that said plant has 
stably incorporated within its genome a recombinant 
DNA as described hereinabove. Exanples of plantg 
which may be so transformed are maize, eucalyptus, 
aspen, poplar, and tobacco. However, the invention 
is not restricted to these crops and it is 
envisaged that suitable primary applications will 
be in forage crops such as alfalfa, lolium and 
festuca. However, control of li gnin synthesis has 
20 wide potential application in many crops. 

The invention also provides the following 
sources of suitable genes for use in construction 
the recombinant ONAs : 

U) Plasni ds pTCADl 4 or pTCAD19 (tobacco CAD) 
25 which have been deposited, in E.coli strain XLlBlue 
host, at the National Collection of Industrial and 
Marine Bacteria, Aberdeen, United Kingdom, under 
the Accession Number 40404, on 17th April 1991 and 
40401 on 8th April 1991 respectively. 
30 Plasmid pZCADl (maize CAD ) which has 

been deposited, in E.coli strain XLlBlue host, on 
2nd April 1992 at the National Collection of 
industrial and Marine Bacteria, Aberde n, United 
Kingdom, under the Accession Number 40501. 
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(iii) Plasmid pPOPCADl (poplar CAD) which has 
been deposited, in E.coli strain XLlBlue host, on 
2nd April 1992 at the National Collection of 
Industrial and Marine Bacteria, Aberdeen, United 
Kingdom, under the Accession Number 40500. 

(iv) Plasmid pEUCADl which has been 
deposited, in E.coli strain XLlBlue host, on 2nd 
April 1992 at the National Collection of Industrial 
and Marine Bacteria, Aberdeen, United Kingdom, 
under the Accession Number 40502. 

These plasmids have been deposited under the 
provisions of the Budapest Treaty on the Deposit of 
Microorganisms for Patent Purposes. 

Thus, the invention includes the DNA insert 
contained in the clones pTCADl4, pTCAD19, pZCADl, 
pPOPCADl and pEUCADl and variants thereof such as 
are permitted by the degeneracy of the genetic code 
or the functional equivalents thereof. in 
addition, the present invention provides a 
recombinant DNA construct containing the said DNA 
under control of a transcriptional control sequence 
operative in plants, so that the construct can 
generate mRNA in plant cells which can either be 
full-length or partial length in respect to the 
normal mRNA. 

For the down-regulation of lignin synthesis 
the aforesaid DNA is in antisense or 'sense' 
orientation. 

For the amplification of lignin biosynthesis 
the aforesaid DNA is in sense orientation thus to 
provide one or more additional copies of the said 
DNA in the plant genome. In this case the DNA is a 
full-length cDNA copy. 

Thus, in a further aspect, the present 
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invention provides DNA constructs comprising a 
transcriptional initiation region operative in 
plants positioned for transcription of a dna 
sequence encoding RNA complementary to a 
substantial run of bases showing substantial 
homology to an mRNA encoding the protein produced 
by the gene in pTCAD14, pTCAD19, pZCADl, pPOPCADl 
and pEUCADl. 

The invention further provides plant cells, 
and plants derived therefrom having stably 
incorporated in their genomes the aforesaid DNA in 
sense or antisense orientation, and fruit and seeds 
of such plants. 

The present invention is principally concerned 
with the suppression of lignin formation and, that 
being so, the inserted gene will be in antisense 
orientation, but there are instances where 
over-production of lignin may have an advantageous 
effect, for example to improve plant stalk 
strength, reduce plant stature and consequent 
lodging, and resistance to diseases, and the 
present invention provides means for achieving 
amplification of the lignin biosynthetic ability of 
plants. 

Thus the invention relates generally to the 
regulation of the plant's lignin biosynthetic 
pathway, in which CAD plays a dominant role, in 
order that the production of CAD, and hence the 
production of lignin, may be increased, by 
supplying extra copies of the CAD gene which is the 
subject of this invention, or decreased by 
insertion of the CAD gene, or a portion thereof 
(usually of 50 or more bases), in antisense 
orientation so that the amount of CAD for 
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catalysing lignin synthesis is reduced. 

The constructs of the invention may be 
inserted into plants to regulate the production of 
the CAD enzyme. Depending on the nature of the 
5 construct the production of the protein may be 
increased, or reduced, either throughout or at 
particular stages in the life of the plant. It is 
also possible to target the expression of the gene 
to specific cell types of the plant, such as the 
10 epidermis, the xylene the roots etc. 

The plants to which the present invention can 
be applied include commercially important food and 
forage plants, such as alfalfa, maize, oil seed 
rape, forage grasses and sunflower, and also tree 
15 ' crops such as eucalyptus, pine species and poplar. 

DNA constructs according to the invention 
preferably comprise a sequence of at least 50 bases 
which is homologous to the DNA of the insert in 
PTCAD19 or pTCAD14. There is no theoretical upper 
20 limit to the base sequence - it may be as long as 
the relevant mRNA produced by the cell - but for 
convenience it will generally be found suitable to 
use sequences between 100 and 1000 bases in length. 
The preparation of such constructs is described in 
25 more detail below. 

The preferred source of antisense RNA for use 
in the present invention is DNA derived from the 
clones pTCAD19 and pTCAD14. The required DNA 
encoding antisense RNA can be obtained in several 
30 ways: by cutting an appropriate sequence of DNA 

from pTCAD19 or pTCAD14 (or any other source of the 
CAD gene); by synthesising a DNA fragment using 
synthetic oligonucleotides which are annealed and 
then ligated togeth r in such a way as to giv 
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suitable restriction sites at each end; by using 
synthetic oligonucleotides in a polymerase chain 
reaction (PCR) to generate the required fragment 
with suitable restriction sites at each end. The 
DNA is then cloned into a vector containing 
upstream promoter and downstream terminator 
sequences, the cloning being carried out so that 
the DNA sequence is inverted with respect to its 
orientation to the promoter in the strand from 
which it was cut. in the new vector, the strand 
that was formerly the template strand becomes the 
coding strand, and vice versa. The new vector will 
thus encode RNA in a base sequence which is 
complementary to the sequence of pTCAD19 and 
PTCAD14 mRNAs . Thus the two rna strands are 
complementary not only in their base sequence but 
also in their orientations (5' to 3'). 

As source of the DNA base sequence for 
transcription, it is convenient to use a cDNA clone 
such as pTCADl 9 and pTCAD14. The base sequence of 
PTCAD19 is set out in Figure 3 and the sequence of 
pTCAD14 is shown in Figure 4. 

A source of DNA for the base sequence for 
transcription is the promoter of the CAD gene 
itself or other genes involved in lignif ication 
such as the promoter of the phenylalanine ammonia 
lyase gene or its modified version which permits 
expression in xylem tissue. Such a gene may differ 
from the cDNA of pTCAD19 or pTCAD14 in that introns 
may be present. The introns are not transcribed 
into mRNA (or, if so transcribed, are subsequently 
cut out), when using such a gene as the source of 
th base s quenc for transcription it is possible 
to use either intron or exon regions. 
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A further way of obtaining a suitable DNA base 
sequence for transcription is to synthesise it ab 
initio from the appropriate bases. Recombinant DNA 
and vectors according to the present invention may 
5 be made as follows. A suitable vector containing 
the desired base sequence for transcription (for 
example pTCAD19) is treated with restriction 
enzymes to cut out the sequence. The DNA strand so 
obtained is cloned (in reverse orientation) into a 
10 second vector containing the desired promoter 

sequence (for example cauliflower mosaic virus 35S 
RNA promoter or the bean PAL promoter, Bevan et al, 
EMBO J. 8, 1899-1906 1988) and the desired 
terminator sequence (for example the 3' of the 
15 Agrobacterium tumefaciens nopaline synthase gene. 

According to the invention we propose to use 
both constitutive promoters (such as cauliflower 
mosaic virus 35s RNA) and inducible or 
developmentally regulated promoters (such as the 
20 PAL gene promoter or the endogenous CAD gene 
promoter) as circumstances require. Use of a 
constitutive promoter will tend to affect functions 
in all parts of the plant: while by using a tissue 
specific promoter, functions may be controlled more 
25 selectively. The use of a tissue-specific promoter, 
has the advantage that the anti sense or sense RNA 
is only produced in the tissue in which its action 
is required. 

Vectors according to the invention may be used 
30 to transform plants as desired, to make plants 

according to the invention. Dicotyledonous plants, 
such as alfalfa, oil seed rape etc, may be 
transformed by Agrobacterium Ti plasmid technology, 
for example as describ d by Bevan (1984) Nucleic 
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Acid Research, 12, 8711-8721. such transformed 
plants. may be replicat d sexually, or by cell or 
tissue culture. 

The degree of production of RNA in the plant 
cells can be controlled by suitable choice of 
promoter sequences, or by selecting the number of 
copies, or the site of integration, of the DNA 
sequences according to the invention that are 
introduced into the plant genome, m this way it 
may be possible to modify lignification to a 
greater or lesser extent. 

The constructs of our invention may be used to 
transform cells of both monocotyledonous and 
dicotyledonous plants in various ways known to the 
art. m many cases such plant cells (particularly 
when they are cells of dicotyledonous plants) may 
be cultured to regenerate whole plants which 
subsequently reproduce to give successive 
generations of genetically modified plants. 
Examples of genetically modified plants according 
to the present invention include, alfalfa, oil seed 
rape, sunflower, sorghum, maize, festuca,and trees 
such as eucalyptus, poplar, and pine. 

in the present invention, we use antisense 
RNA in order to determine the phenotype of 
transgenic plants which show modified, that is 
increased or reduced, expression of P TCAD19 or 
PTCAD14 by the use of antisense and sense 
expression vectors. 

The invention will now be described further 
with reference to the accompanying drawings, in 
which: 

Figure 1 shows the partial amino acid sequence 
determined from purified tobacco CAD protein, 
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Figure 2 shows the design of the 
oligonucleotide sequ nee used to identify a CAD 
clone, 

Figure 3 shows the complete sequence of 
5 pTCAD19, 

Figure 4 shows the sequence of pTCADl4 
tobacco cDNA clone, 

Figure 5 shows the construction of antisense 
and sense vectors using the EcoRl-Hindlll fragment 
10 of pTCADl9/pTCAD14, 

Figure 6 shows the construction of expression 
vectors containing the complete tobacco CAD cdna 
clones, 

Figure 7 shows the complete sequence of 
15 pPOPCADl, 

Figure 8 shows the complete sequence of 
pEUCADl , 

Figure 9 shows sequence of primers used to 
generate a maize CAD clone by PCR, and, 
20 Figure 10 shows the sequence of pZCADl, a 

200bp PCR product from maize genomic DNA. 

Figure 11 shows CAD activities of the control 
and antisense plants. 

The invention will now be described, by way of 
15 illustration, in the following Examples. 
Example 1 

Development of an efficient purification 
protocol for CAD enzyme 

improved protocols have been developed for the 
0 purification of CAD. The new procedure is simpler 
than the previously published methods and is based 
on the following steps: 
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^ Preparation of tob acco stem xtract by 

homogenization and 70-40% ammonium sulphate 
precipitation. 

Six week old tobacco stems were frozen in 
liquid N, crushed with a hammer and homogenized in 
a waring blender in buffer A. The homogenate was 
centrifuged at 45000xg for 30min. Solid ammonium 
sulphate was added to the supernatant to bring it 
to 70% saturation and proteins were precipitated at 
4°C for 30min. The precipitate was collected by 
centrifugation at 10,000rpm for 1 hour. The pellet 
was resuspended in a minimum volume of buffer 
supplemented with 5% ethylene glycol, to reduce the 
ammonium sulphate concentration to approximately 
40% saturation. Material that did not resuspend 
was removed by centrifugation. 
2. Affinity chromat ography on Blue Sep harnsp 

The supernatant was desalted and applied to a 
Blue Sepharose column. The column was washed in 
at least 6 column volumes buffer including one 
column volume supplemented with 4mM NAD. This wash 
elutes other alcohol dehydrogenases. Specific 
elution of CAD was performed with a gradient of 
0-4mM NADP in buffer B . CAD-containing fractions 
were pooled and 5% ethylene glycol was added. 

h. Ion excha nge FPLC on Mono o. 

The pooled fractions from Blue Sepharose were 
applied to an FPLC Mono Q column/ The column was 
washed until the Absorbance dropped to baseline 
levels, proteins were eluted in a linear gradient 
of buffer with 20-4 OOrnM Tris-HCl, pH 7.5. 
4. Affinity chromatogr aphy on 2>S' ADP Sep hamsp 

MonoQ fractions were applied to a column of 
2'5'ADP-Sepharose. The column was washed with 6 
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column volumes buffer including one column volume 
supplemented with 4mM NAD. Sp cific elution was 
performed in a linear gradient of buffer with 0-4mM 
NADP. 

5 Using this protocol tobacco CAD was purified 

to homogeneity. 600//g were obtained from 4Kg 
material representing 0.05% total soluble protein. 
This represents a purification of approximately 
2000 fold. The purified enzyme has a specific 

10 activity of 173nKat/mg protein. The pure enzyme is 
specific for NADP and exhibits a Km for coniferyl 
alcohol of 12//mol/l. 
Example 2 

Characterisation of CAD enzyme 

15 Purified CAD consists of two subunits of 

approximate molecular weights 42.5kDa and 44kDa. 
When slices isolated separately from native gels 
containing the CAD protein (identified as two 
separate bands by silver staining) were transferred 

20 to and run on an SDS gel, each native form appears 
to contain both polypeptides. Pure protein was run 
on a reverse phase HPLC column, yielding two well 
separated protein peaks probably the two 
polypetides. Peptide mapping of each polypeptide 
25 with N- chlorosuccinimide/urea and amino acid 

analysis of purified subunits suggest that they are 
very similar. 

Both peptides were digested with trypsin and 
the sequence of the resulting fragments was 
determined. The sequence of the peptides is shown 
in Figure 1. 

This shows clearly that CAD is represented by 
two closely related polypeptid s. 
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Example 3 

Establishment of a st em-specific cDNA library from 
tobacco 

A cDNA library has been generated using rna 
5 extracted from six week old tobacco stems. 20ug of 
polyA RNA was prepared and cDNA synthesised. Part 
of this was cloned into lambda-ZAP n vector (a 
commercially available cloning vector). This 
yielded 860,000 recombinants, 70% of which have 
inserts of 1Kb or greater, as determined by pcr on 
24 randomly selected clones. 
Example 4 

identification of a CAD cDNA 

600,000 recombinants were screened using an 
oligonucleotide probe (CAD116) shown in Figure 2. 
This oligo was designed against peptide sequence '4 
from Figure 1. 

One strongly hybridizing clone was identified, 
purified and characterised. This clone, pTCAD19, 
has a cDNA insert of 1419 bp. Analysis of the DNA 
sequence-derived amino acid sequence clearly 
demonstrates that it represents a CAD clone as 
several regions show DNA sequence-derived amino 
acid sequences identical to the peptide sequences 
found in Figure 1 representing the 42.5 kDa peptide 
(peak 2 from rhplc ) . 
Example 5 

Rescreenino of the t obacco cDNA library with the 
insert of pTCAD19. 

The 600,000 clones representing the tobacco 
stem cDNA library was rescreened using the EcoRl 
insert of P TCAD19. Five additional clones were 
identified, purified and characterised. 

Sequencing of these clones has allowed 
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identification of two cDNA clones which are 
different from pTCAD19, encoding the p ptid found 
in peak 1 from RHPLC. A representative clone is 
called pTCAD14 and its sequence is shown in Figure 
5. This demonstrates that this clone is different 
from pTCAD19 and that it contains peptide sequence 
derived from the peak 1 protein. 
Example 6 

Generation of CAD antisense vectors 
A. VECTORS BASED ON pJRl 

PTCAD19 and pTCAD14 were cut with EcoRl and 
Hindiri, and the resulting fragments of 981 bases 
were isolated by agarose gel electrophoresis. The 
fragment was made blunt ended using Klenow 
fragment A. The fragment was then cloned into pJRl 
cut with Smal. Clones containing the insert in the 
antisense orientation are called pJT19A and pJT14A. 
Clones which contain the fragment in sense 
orientation are called pJT19S and pJT19S. The 
construction of these vectors is shown in Figure 5. 
B. VECTORS BASED ON pMK4 

pTCADl9 was cut with EcoRl and Hindlll, and 
the resulting fragment of 981 bases was isolated by 
agarose gel electrophoresis. The fragment was made 
blunt ended using Klenow fragment A. The fragment 
was then cloned into pMK4 cut with Hindi. pMK4 is 
an expression vector which contains the Oral 
fragment of the bean phenylalanine ammonia lyase 
promoter, a multiple cloning site and the nos 3' 
end. Clones containing the insert in the antisense 
orientation are called pMT19A and pMT14A . Clones 
which contain the fragment in sense orientation are 
called pMT19S and pMT14S. The construction of 
th se vectors is shown in Figur 5. 
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Example 7 

Generati on of CAD expression vectors 

Th complete insert of pTCAD19 was excised by 
restriction of the plasmids with EcoRl. The inserts 
5 were made blunt ended and cloned into pjRl and 
PMK4. The resulting vectors are called: 
pJRl based ; 

PJT19FS and pJT14FS (sense) 
PJT19PA and pJT14FA (antisense) 
10 PMK4 based : 

PMT19FS and pMT14FS (sense) 
PMT19FA and pMTHFA (antisense) 

The construction of these vectors is shown in 
Figure 6. 
15 Example 9 

Transformation of tobacco »*i nq vectors described 
in this application ~~*~ ~ 
(a) Transfer of Vectors to Agrobacterinn, 

The antisense and sense constructs were 
introduced into A, turoef aciens LBA4404 by direct 
transformation following published procedures. 

The presence and integrity of the antisense 
constructs were checked by restriction digestion 
and Southern blot experiments to check that no 
recombination had occured during the transfer of 
the vectors to Agrobacterium . 

£2 Tobacco Le af Disc Transformation 

Tobacco (N. tabaccum, variety Samsum) leaf 
discs were transformed using well established 
previously published procedures. Plants containing 
the CAD antisense construct were identified by PCR 
and selected for further analysis. 
Example 10 

Analysis of transformed plants 
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a) CAD Enzyme Measur ments On Tissue From 
Transform d Plants 

Plant material was used from both transformed 
and untransformed control plants for CAD enzyme 
5 determinations. Stem material was ground with CAD 
extraction buffer containing 200 mM Tris/HCl pH 
7.5, 0.5% (w/v) PEG 6000, 5% (w/v) PVP, and 15 mM 
3-mercaptoethanol ( 500//1 ) . The crude homogenate 
was centrifuged and the supernatant used as source 
10 of enzyme. The assay reaction contained 10 mM 

coniferyl alcohol (50/»l ), 10 mM NADP+ (50//1), 100 
mM Tris/HCl pH 8.8 (800//1). This was incubated at 
30 °c for 10 minutes, then enzyme extract (100/t/l) 
was added and the whole mixture incubated for a 
15 further 10 minutes at 30°C. The OD400 was recorded 
against a blank supplemented with water. One sample 
was taken from each plant. Assays were conducted 
in duplicate. The results of the analysis of these 
enzyme measurement are shown in Figure 11. This 
20 clearly indicates that the transgenic plants 

exhibit a wide range of CAD enzyme activities. 
Plants with lowest levels of CAD activity show 
approximately 10% of control CAD enzyme values. 
b) Polymerase Chain Reaction to determine presence 
25 of antisense genes 

DNA was extracted from selected plants. 
Oligonucleotides to sequences in the CaMV or PAL 
promoter and nos 3' terminator were used as primers 
in the polymerase chain reaction (PCR). To confirm 
30 that the products were CAD sequences, a Southern 
blot of these products was probed with a third 
oligonucleotide representing CAD sequences. This 
analysis demonstrated that all plants used for the 
analysis shown in Figure 10 contained the antisense 
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constructs . 

Plants with low CAD activity were backcrossed 
and selfed. Progeny plants were analysed in detail 
for the heritability of the CAD antisense gene and 
the low CAD enzyme phenotype. This indicates that 
the low CAD phenotype segregates with the antisense 
gene. 

Example 11 

isolation of a cDNA clone enc oding pop lar ran 

80,000 colonies from a poplar cDNA library 
constructed in P UC18 were probed with the entire 
EcoRl insert from pTCAD19. Hybridization was 
performed in 3xSSC,0.5% milk powder at 60»C. 
Washing was performed in 3xSSC, 0.5%SDS at 60«C for 
15 3x 0.5 hour, one clone was isolated, named 

PPOPCAD1. This clone contained an insert of 1378bp 
and was 70% homologous to P TCAD19. The sequence of 
pPOPCADl is shown in Figure 7. 
Example 12 

20 Construction of sense/ anti sense vectors 

The insert of pPOPCADl was exised as a BamHl 
fragment and cloned into the plant expression 
vector PGSJ780A in the antisense and sense 
orientations. These vectors were used to transform 

25 poplar and aspen. 
Example 13 

Establishment of a cDNA librar y from Euealvr „ e 

A cDNA library was generated using rna 
extracted from 7 days old cell suspension cultures 
of Eucalyptus gunnii (clone 832, Af ocel ) . 5„g of 
polyA+ RNA was prepared and used to synthesise 
CDNA. This was cloned into the EcoRl site of lambda 
gtll (a commercially available cloning vector). 
This yielded 10 6 recombinants, 60% of which 
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have inserts of lkb or greater, as determined by 
PCR on 24 randomly selected clones. 
Example 14 

Functional identification of the eucalyptus CAD 
5 clone 

The identity of the eucalyptus CAD clone was 
confirmed by the expression of catalytically active 
CAD enzyme in a transformed E.coli bacterial host. 
This was achieved by cloning the eucalyptus CAD 
10 cDNA in the expression vector pT7-7 as described by 
Tabor and Richardson, Proceedings of the National 
Academy of Science 82, 1985, transforming the 
commercially available E.coli lysogenic strain 
BL21, inducing the expression of the cloned gene 
15 under control of the T7 promoter with IPTG and 

assaying the whole cell extract for CAD activity. 
The results unequivocally identified the clone as 
specifying the enzyme CAD. 
Example 15 

Cloning a nd characterization of a Eucalyptus CAD 
clone — 

600,00 recombinants from the amplified library 
(1.6 10 recombinants) were screened using the 
EcoRI insert of pTCAD19. Six positive clones were 
25 plaque purified; the largest has been subcloned 
into pGEM3 (a commercially available cloning 
vector), characterised and sequenced. This full 
length clone (1391 bp) encodes a protein of 356 
amino acids which has a very high homology with the 
sequence of the tobacco CAD (76.4% of the amino 
acids are identical, 11% are well conserved). 

The sequence of this clone, pEUCADl is shown 
in Figure 8. 
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Exampl 16 

Cloning of a part ial CAD clone from maize 

PCR primers derived from sequences highly 

conserved between pTCAD19 and pPOPCADl (Figure 9) 
were used under suitable conditions to generate a 
PCR product from maize genomic DNA.The product was 
cloned into Bluescript SK+/- and its nucleotide 
sequence determined (Figure 10). This clone was 
clearly identified as encoding part of the maize 
CAD gene by DNA sequence comparison to the tobacco 
CAD sequences of pTCAD14/19. 
Example 17 

Analysis of cell wall h ound and soluble phenolic 
in tobacco transformed w< th anti se n*» tobacco (tah 

CAD is believed to play a key role in the 
regulation of lignin biosynthesis and this Example 
reports confirmation of the effect of lignin 
down-regulation in transformants containing the 
antisense gene to CAD. 

Lignin is known to react with thioglycolic 
acid (TGA) (Freudenberg et.al. in "Constitution and 
Biosynthesis of Lignin", Springer Verlag, Berlin, 
1968) and methods employing TGA lignin extraction 
have been employed in the past to determine the 
amount of lignins present in plants after wounding. 
However, simple TGA extraction does tend to 
overestimate the amount of lignin because certain 
other components of the plant tissue are 
co-extracted. The simple method may be adapted to 
include a step of first saponifying the methanol 
insoluble component of the cell wall prior to TGA 
extraction (Campbell & Ellis, Phytochem 31: 737 
(1992)). — 

Stem sections (5cm) from eight week old the 
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sample plants were lyohilised and separated into 
"green tissue" comprising the phloem, cort x and 
epidermis and "woody tissue" comprising the xylem 
and pith. 

Ten samples each of control and transformed 
plants were analysed blind for TGA extractable cell 
wall complexes by the method described by Campbell 
and Ellis and also for the phenolics content of 
methanol and alkali extracts by the methods 
generally described by Ferraris et.al. J. Disease 
Protect. 94; 624 (1987). 

The results are reported in Tables 1, 2, and 
3 below. 
TABLE 1 

Direct numerical comparison of the content of TGA 
extractable complex es obtained from lvophilised 
stem tissue from con trol and transformed plants. 



Tissue 


Control 
Plants (C) 


Transformed 
Plants (T) 


Ratio 
T/C 


green 


0.03(0.01J 


0.05(0.02) 


1.53 


woody 


0.22(0.05) 


0.37(0.12) 


1.60 


total 


0.26(0.06) 


0.42(0.13) 


1 . 59 1 



The units are A280/mg dry weight with the 
standard errors in parentheses 



20 TABLE 2 

Direct num erical comparison of the content of 
methanol-ex tractable phenolics obtained from 
lyophilise d stem tissue from control and 
transformed plants. 
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Tissue 


I Control 
Plants(C) 


* i. axis ioriaeu 
Plants(T) 


Ratio 
T/C 


green 


4.37(0.58) 


5.64(0.76) 


1.28 


woody 


0.81(0.12) 


1.39(0.33) 


1.72 


total 


5.18(0.65) 


7.03(0.92) 


1.35 



The units are „g of ferulate equivalents per 
mg of dry weight with the standard errors shown in 
parentheses. 
TABLE 3 

Direct numerical compariso n of the rnn^n, ^ 
a i=u = n ,- "ractal * ' 

stem 

transformed p lants. 



Tissue 


Control 
Plants(C) 


Transformed 
Plants (T) 


Ratio 
T/C 


green 


1.29(0.32) 


2.13(0.52) 


1.65 


woody 


0.82(0.17) 


2.92(1.59) 


3.58 


total 


2.10(0.46) 


5.06(2.06) 


2.4 
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Although the results in Table 3 show an 
increase in the amount of TGA-extractable complexes 
m the CAD-antisense plants the increase can be 
explained by the suggestion that the chemical 
composition has altered and this would not entirely 
be surprising since the inhibition of CAD would 
inhibit synthesis of the type li gn i n polymers which 
are normally synthesised downstream of the CAD 
catalysed step in th pathway and result in a 
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build-up of the upstream phenolic acid precursors. 

This change in the character of the lignin was 
confirmed by comparing the UV spectra of the TGA 
complexes from the control and transformed plants. 
5 Further confirmation has been obtained by alkaline 
nitrobenzene oxidation analysis which has revealed 
the presence of additional components in the 
transformed plants and chromatographic analysis 
indicates that these are phenolic acids. 
10 Thus the TGA extraction analysis indicates 

that down-regulation of CAD makes the "lignin" more 
amenable to removal and this property should be 
reflected in facilitation of cellulose extraction 
processes. 

15 The same feature is also indicated by the 

analyses reported in Tables 2 and 3. The alkaline 
extraction is further significant in that it is 
common farming practice to store forage crops as 
silage and this frequently involves addition of 
alkali (ammonia, usually) and it may be expected 
that silage made from forage crops tranformed with 
CAD antisense will have lower than normal lignin 
concentration, leading to improved digestibility. 
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CLAIMS 



1. A recombinant DNA comprising a plant dna 
having, in sequence, a gene promoter sequence 
a coding region and a gene terminator, said 
coding region comprising a nucleotide sequence 
encoding a mRNA which is substantially * 
homologous or complementary to mRNA encoded by 
an endogenous plant gene or a part thereof 
which encodes an enzyme essential to lignin 

10 TllT theBi8 ' S ° Wh6n inc -PO«ted into a 

Plant genome by transformation, mRNA 

transcribed from the said coding region 
inhibits production of the enzyme from the 
endogenous gene. 

2. A recombinant DNA as claimed in claim 1 
wherein the coding region encodes mRNA in 
antisense orientation to the mRNA encoded by 
the said endogenous gene. 

3- A recombinant DNA as claimed in claim 2, in 

which the coding region is isolated from the 

untranscribed strand of the dna encoding the 
said endogenous gene. 

4. A recombinant DNA as claimed in claim 1 
wherein the coding r gion is in the same 
orientation as the said ndogenous gene 
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5. A r combinant DNA as claimed in any 
preceding claim in which the coding region has 
a minimum size of 50 bases. 

6. a recombinant DNA as claimed in any 
preceding claim in which the said enzyme is 
selected from the group consisting of cinnamyl 
alcohol dehydrogenase (CAD), cinnamoyl: CoA 
reductase (CCR) and catechol-o-methyl 
transferase (COMT). 

7. A recombinant DNA as claimed in any 
preceding claim in which the promoter is 
selected from the group consisting of CaMV35S, 
GPAL2, GPAL3 and endogenous plant promoter 
controlling expression of the endogenous CAD 
gene. 

8. A method of inhibiting or altering lignin 
biosynthesis in a plant, comprising stably 
incorporating into the genome of the plant by 
transformation a recombinant DNA comprising a 
plant DNA having, in sequence a gene promoter 
sequence a coding region and a gene terminator, 
said coding region comprising a nucleotide 
sequence encoding a mRNA which is substantially 
homologous or complementary to mRNA encoded by 
an endogenous plant gene or a part thereof 
which encodes an enzyme essential to lignin 
biosynthesis, so that, when incorporated into a 
plant genome by transformation, mRNA 
transcribed from the said coding region 

15 inhibits production of the enzyme from the 

endogenous gene. 
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9. A transformed plant possessing lower than 
normal ability to produce lignin characterised 
in that said plant has stably incorporated ■ 
within its genome a recombinant DNA claimed in 
any of claims 1 to 7. 



10, 



11. 



12. 



13. 



A transformed plant, as claimed in claim 9, 
in which the plant species is alfalfa, maize/ 
rape, eucalyptus, poplar, lolium or festuca. 

Tobacco CAD gene and recombinant DNA 
containing same, derived from the plasmid 
pTCADl 4 or PTCAD19 which have been deposited, 
an E^coli strain XLlBlue host, at the National 
Collection of Industrial and Marine Bacteria, 
Aberdeen, United Kingdom, under the Accession 
Number 40404 on 17th April 1991 and 40401 on 
8th April 1991 respectively. 

Maize CAD gene and recombinant DNA 
containing same, derived from the plasmid 
PZCAD1 which has been deposited, in E.coli 
strain XLlBlue host, on 2nd April 1992 at the 
National Collection of Industrial and Marine 
Bacteria, Aberdeen, united Kingdom, under the 
Accession Number 40501. 



Poplar CAD gene and recombinant DNA 
containing same, derived from the plasmid 
PPOPCAD1 which has been deposited, in E.coli 
strain XLlBlue host, on 2nd April 1992 at the 
National Collection of Industrial and Marine 
Bacteria, Aberdeen, united Kingdom, under the 
Accession Number 40500. 
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14. Eucalyptus CAD gene and recombinant DNA 
containing same, derived from the plasmid 
pEUCADl which has been deposited, in E.coli 
strain XLlBlue host, on 2nd April 1992 at the 
National Collection of Industrial and Marine 
Bacteria, Aberdeen, United Kingdom, under the 
Accession Number 40502. 

15. A recombinant DNA comprising an antisense 
CAD gene under control of the promoter GPAL2. 

16. A recombinant DNA comprising an antisense 
CAD gene under control of the promoter GPAL3 . 

17. A recombinant DNA comprising an antisense 
CAD gene under control of the promoter CaMV35S, 

18. A recombinant DNA comprising an antisense 
CAD gene under control of the endogenous plant 
promoter controlling the endogenous CAD gene. 
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FIG / Pe Ptide sequences obtained from tobacco 

CAD tryptic peptides. 

Peak 1 (44kDa) Peak 2 (42 kDa) 
N-TERMINAL SEQUENCE 

K/SXLXV K/SLXV 
INTERNAL SEQUENCE 



1 


TTIGXAAIVK 


TAIGQAAIV 


2 


FPSDVLRPYTYTLD 


PSGLLSPYTYTLV 


3 


FWDVIGK 


FWDVAGD 


4 


MDYINGAMER 


DYINTAMG/E 


5 


RTLGMSN 


NDLGMSNYP 


6 


AMGXXVXVI 




7 


AV/ITPYFD/Y 




8 


SGILGL 





FIG. 2 

Sequence of oligonucleotide used to 
identify a tobacco CAD clone 



ATG GAT/C TAT/C ATT/C/A AAT/C GGI GCI ATG GA 
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CAD EXPRESSION IN ANTISENSE AND CONTROL PLANTS 
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6uj/|D>jd uoisssjdxa poo 



Inperial Chemical Industries pic, 
ICI Seeds, 

Jealott's Hill Research Station, 

Bracknell, 

Berkshire* 

RG12 6EV 



BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF HICBOORGANIS**" 
FOR THE PURPOSES OF PATENT PROCEDURE 



INTERNATIONAL FORM 



RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 
Issued pursuant to Rule 7.1 by the 
INTERNATIONAL DEPOSITARY AUTHORITY 
Identified at the bottom of this page 




NAME AND ADDRESS 
OF DEPOSITOR 



I. IDENTIFICATION OF THE MICROORCANISH 



Identification reference given by the 
DEPOSITOR! 

Escherichia coli XLl-Blue 
pZCADl 



Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY I 

NCIMB 40501 



II. SCIENTIFIC DESCRIPTION AND/ OR PROPOSED TAXONOMIC DESIGNATION 



The microorganism Identified under I above was accompanied byi 

| 1 a scientific description 

| y | a proposed taxohomlc designation 
(Mark with a cross where applicable) 



III. RECEIPT AND ACCEPTANCE 



This International Depositary Authority accepts the microorganism JWjU* 1 - bov - 

Jhlch -a. received by It on 2 ^ 19g2 (date or the original deposit) 



IV. RECEIPT OF REQUEST FOR CONVERSION 



was received by it on 



V. INTERNATIONAL DEPOSITARY AUTHORITY 



«a~. KC-^S Ltd 

23 St f.tacnar Drive 
Aberdeen Scot'-md 
Address i UK AB2 1RY. 



Signature, s) of person(s) having the power 
to represent the InternaJLional Depositary 
Authority or,Oa^thoft£€d o£JUcial(s)t 



Dates 



city oyt 

A 



— 

Where Rule 6.4 <d> applies, such date is the date 
authority was acquired. 

For* BP/4 (soie page) 



which the status of International depositary 



T "5? ZS£ ZSSSEmm 



?GT/SB : 2 / 0 j / 14 
I t 8 h«> 1992 ! 



14% F.M. Huskisson, 
Chartered Patent Attorney, 
Imperial Chemical Indjstries plc t 
Id Seeds, 

Jealott's Hill Research Station, 
Brasknall, Bertehire. 
EG12 €EY 



iNTERNATIOHAL - FO nM 



VIABILITY 8^"?; T nuAe l0 .2 by the 
identified on the following pag 



IS ISSUED J 




Ilame i 



Address i 



Inperlal Chemical Mustries pic 



Id 

Jealott's Hill Research Station, 

Bracknell, 

Bertehire. 

RGI2 6EY 



NOD© 40501 - " 

Uat e of the depoeit or of the t«».fe- 

2 April 1992 



III VIABILITY ST ATEHENT _ 

2 April 1992 



on 



3 

fx"1 viable 
, ,3 

| | no longer vieble 



2 In u,.c... "leered to In nolo 10.2<a, <li> 
boot. 



3 Hark with . cro.. the applicable box. 



Fom bp/9 (£i« k P^ 0 * 



1 8 MAY 1992 



T" 4 

IV. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED 

__ „ —————— — — — r 



V. INTERNATIONAL DEPOSITARY AUTHORITY 



Namet 



Address i 



NC:U3 Lie 

23 St Macfttr f>- q 
Absrdaen °- -h 
UK 



Signature(s) of person(s) having the power 
to represent the International Depositary 
Authority or of auJthoriMd official(s)t 




Da|eT 3 April 1992 



Fill In if the information has been requested and if the results of the test were negative. 



Form BP/9 (second and last page) 



BUDAPEST TREAT! ON THE INTERNATIONAL 
RECOGNITION OF TUB DEPOSIT OF MICROORGANISM 
FOR THE PURPOSES OF PATENT PROCEDURE 



PCT/GB 32 /00 /7 



Imperial Chemical InAjstries pic. 
Id Seeds, 

Jealott's Hill Research Station, 

Bracknell. 

Berkshire. 

RG12 6EY 



4 T B WAY (992- 



INTERNATIONAL FORK 

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 
issued pursuant to Rule T.I by the 
INTERNATIONAL DEPOSITARY AUTHOR ITT 
Identified at the bottom of this page 



NAJHE AND ADDRESS 
Or DEPOSITOR 



I. IDENTIFICATION OF THE MICROORGANISM 

Identification reference given by the 
DEPOSITORS 

Escherichia coii XLL-Blue 
pFCPCADl 



Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY I 

NOT© 40500 




which was rsc.ivsd by It on 2 Apri l 1392 {W ' " 

IV. RECEIPT Or REQUEST FOR CONVERSION 

was received by it on - 

V. INTERNATIONAL DEPOSITARY AUTHORITY 



Names 



KCltf 3 Ltd 



23 St Machar Drive 
Addr. 8 «^ AS2 1HY 



Oat* i 



— - 7 . lah th . , tattt9 o£ Intwaatlonal depositary 

1 «ul. 6.«(d, applies, such data Is th. d.t. on which th. 

authority was acquired. 



Form BP/4 C«oi« P«9«) 



BUDAPEST TREATY OH TUB INTERNATIONAL 
RECOGNITION OF T1IE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT PROCEDURE 



1 8 MAY 1992 



Mr. F.M. Hskisson, 
Chartered Patent Attorney, 
Inperial Chemical Industries pic, 
ICI Seeds, 

Jealott's Hill Research Station, 
Bracknell, Berkshire. 
HGL2 6EY 



INTERNATIONAL • FORM 



VIABILITY STATBHEUT 
iflBued pursuant to nuie 10.2 by the 
SSSaTIOMAI. UBPOSITAM AUTHORITY 
Identified on the following page 



IIANB AND ADDRESS OP THE PMJ* 
TO WHOM THE VIABILITY STATEMENT 
IS ISSUED 



J 



I. DEPOSITOR 


II. IDENTIFICATION OF THE MICROORGANISM 


iiarnet Inperial Chemical Industries pic. 
Id Seeds, 

Jealott's Hill Research Station, 
Addra8 " Bracknell. 




Berkshire. 
R612 GEY 


2 April 1992 


XXX. VIABILITY STATEMENT . 


= viability of the *lcroorgn„isn, identified unuer microot , tt „i.m wa. 

on 2 April 1992 


[x~1 viable 




.3 

j | no longer viable 





' indicate the date of the original depoe t -.^^/^f^date of tbe trensf.r,. 

ra<l de. t„. „o.t recent relevant date (date o ^ 
* in the ca.ee referred to in Rule 10.2|a)(ii) and (Hi), 

toot.. 

3 Mark with a croea the applicable box. 



Form BP/9 (fl"t page) 



t 8 MAY 1992 




V. INTERNATIONAL DEPOSITARY AUTHORITY 



Name! 



Address 1 



23 St f/.ac'r.zr Dr:v© 



ci -nature (s) of person (fl) having the power 
S to 9 rt P « B en!: Se^ntern.tlon.1 DepoaiW 
Authority or of ^horised of f icial(s) t 




Datei// 3 April 1992 



4 Pill in if the information has been requested and if the 



results of the test were negative. 



Form BP/9 (second and last page) 



BUDAPEST TREATY OH THE I INTERNATIONAL ^ 
RBCOCMITION OF THE DEPOSIT OF MICROORGANISM" 
FOR THE PURPOSES OF PATENT PROCEDURE 



Irrperlal Chemical Industries plc t 
ICI Seeds, 

Jealott's Hill Research Station, 

Bracknell, 

Berkshire. 

RG12 6EY 



INTERHATZONAL FORM 

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 
Issued pursuant to Rule 7.1 by the 
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page 



83 £2 /00 7 7 



NAME AND ADDRESS 
OF DEPOSITOR 



I. IDENTIFICATION OF THE MICROORGANISM 



Identification reference given by the 
DEPOSITOR I 

Escherichia coli DH5<*- 
pEUCADl 



Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY l 

NCIMB 40502 



XI. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOHIC DESIGNATION 



The microorganism identified under I above was accompanied byi 

| 1 a scientific description 

| x | a proposed taxonomic designation 
(Mark with a cross where applicable) 



III. RECEIPT AND ACCEPTANCE 



Thle international Depositary A-tho.lt, accept. f'J^SSSZjSS^ * ab ° W " 
which was received by It on 2 ^ (date of the original deposit) 



IV . RECEIPT Or REQUEST FOR CONVBRSIOH 



request 
was received by it on 



INTERNATIONAL DEPOSITARY AUTHORITY 



NCIMB Ltd 

23 St Machar C.-;ve 
Address i Aberdeen 



Signature(s) of person(o) having the power 
to represent the international Depositary 
Authority or of att«j6rl*^l ofp«lal(s). 




1 where Rule 6.4(d) applies, such date is the date 
authority was acquired. 

form BP/4 (sole page) 



PCT/GB 



22 



nmuiPPST TREATY ON THE INTERNATIONAL 
nPTofSS OF OTE DEPOSIT OF MICROORGANISMS 
""STX ^nJoSES OF PATENT PROCEDURE 



1 8 MAY 1992 



Mr. F.H. Huskissai, 
Chartered Patent Attorney, 
Inperial Chemical Industries pic, 
ICI Seeds, 

Jealott's Hill Research StaU.cn, 
Bracknell, Berkshire. 
RG12 6EY 



"1 



INTERNATIONAL . FORM; 



VIADILITY STATEMENT 

Identified oil the foiling page 



„.... sun ADDRESS OF THE • PARTY 
TO wfoSnlB VIABILITY STATEMENT 
IS ISSUED 



J 



I. DEPOSITOR 

llame i 
Address i 



Inperial Chemical Industries pic, 
ICT Seeds, 

Jealott's Hill Research Statioi, 
Bracknell, 
Berkshire. 
HS12 6EV 



II 



1 UEMTI FICAT ION OF THE MICROORGANISM 



NOMB40502 
Dat e of the depo-lt or of the tr.n.fer. 

2 April 1992 



III. VIABILITY STATEMENT 



III. vxa pw-*-* ■»««»■» ■ sted 

viability of the .nlcroorganle,,, Identified " ^ n l7J. the said .nlcroorganlam «• 

o,, 2 April 1992 

|7H viable 
, ,3 

j__J no longer viable 

2 In the eneee referred to i» Ruio 10.2(e) (ID 
toot*. 



3 Hark with a croa. the applicable box. 



Form BP/9 (firat page) 



IV. 



CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED 



V. INTERNATIONAL DEPOSITARY AUTHORITY 



Name t 



Address t 



NCIMB Ltd 

23 St f^ch** ~- « 
r" 



Signatured) of person(s) having the power 
to represent the international Depositary 
Authority or of au^orized official (s) t 



Date^ 3 April 1992 



< mi in if the infection has been requested and if the results of the test were negetive 



Form BP/9 (second and last page) 



BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF HICROORGANIS-- 
FOR THE PURPOSES OF PATENT PROCEDURE 



PCT/GS 5 2/00 

f f 8 f**Y 1392 



INTERNATIONAL FORM 



TO 



lirperlal Chemical Industries plc t 
Id Seeds* 

Jealotts Hill Research Station, 
Bracknell. Berkshire. JJG12 6EY 

NAME AND ADORES. 



L_ 



OF DEPOSITOR 



RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 
issued pursuant to Rule 7.1 by the 
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page 



I. IDENTIFICATION OF THE MICROORGANISM 



Identification reference given by the 
DEPOSITORS 

Escherichia coli 
XLl-Blue pTCAD14 



Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY t 



NCIMB 40404 



II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION 



The microorganism Identified under I above was accompanied byt 

| 1 a scientific description 

fx"! a proposed taxonomic designation 
(Mark with a cross where applicable) 



III. RECEIPT AND ACCEPTANCE 



This international Depoeltary Authority accepts the JJS*" - 1 
which was received by it on 17 Aprfl 293L < date o£ the oti 9 lMl d «P° 9lt > 



XV. RECEIPT OF REQUEST FOR CONVERSION 



V. INTERNATIONAL DEPOSITARY AUTHORITY 



Namet 



Address t 



NCIMB Ltd 

23 St Machar Drive 
Aberdeen Scotland 
UK AB2 1RY 



Slgnature(s) of person(s) having the power 
to represent the International Depositary 
Authority or/df auj^ri5**^ff:iclal(s). 




Where Rule 6.4(d) applies, such date is the date on which the 
authority was acquired. 



status of international depositary 



Form BP/4 (sole page) 



,'CT/S3 ; 2/00/7 4 

• , * ■-• ., ■ - r - J 

BUDAPEST TREATY ON THE INTERNATIONAL I * ' 

RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT PROCEDURE 



Mr. F.M. Huskisson, 

Imperial Chemical Industries plc f 

ICI Seeds, 

Jealotts Hill Research. Station, 
Bracknell, 

Berkshire. RG12 6EY 



INTERNATIONAL FORM 



VIABILITY STATEMENT 
issued pursuant to Rule 10.2 by the 
INTERNATIONAL DEPOSITARY AUTHORITY 
identified on the following page 



i_ 



NAME AND ADDRESS OF THE PARTY 
TO WHOM THE VIABILITY STATEMENT 
IS ISSUED 



J 



1 I. DEPOSITOR 


II. IDENTIFICATION OF THE MICROORGANISM 


Mantei imperial Chemical Industries pic. 
Address t AS ABOVE 


Accession nuntoer given by the 
INTERNATIONAL DEPOSITARY AUTHORITY! 

NCIMB 40404 
Date of the deposit or of the transfer i 

17 April 1991 


III. VIABILITY STATEMENT 


The viability of the microorganism identified under II above was tested 

The viability or cn 2 hat date> the „aid microorganism was 
on 17 April 1991 


Ix~l viable 




3 

| | no longer viable 





1 ss-s. _____i_s_ttL 4 T=s U^iV^T 

„ , .n 9 1.11111 and (111), refer to the most recent viability 

2 in the cases referred to in Rule 10.2(a) (ii) and nm. 

tcot. 



3 Mark with a cross the applicable box. 



Form BP/9 (first page) 



PCT/GB 02 /00 774. 

1 8 MAY 1992 



IV. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED 



V. INTERNATIONAL DEPOSITARY AUTHORITY 



Name: 



Address: 



23 St MachaF Drive 
Aberdeen Scotland 
JK AB2 1RY 



Slgnature(s) of person(s) having the power 
to represent the International Depositary 
Authority or of authorized j>f£icial(s) 5 



Dates 



3ril 1991 



.~-±-a an *? if the results of the test were negative. 
Fill in if the information has been requested and if the resuxcs 



Form BP/9 (second and last page) 



BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISM* 
FOR THE PURPOSES OF PATENT PROCEDURE 



.*CT/6B : 2 / 0 0 7 
f 1 8 Ma, 



INTERNATIONAL FORM 

pro Inperial Chemical Industries pic receipt in the case of an original deposit 

TfT cwv4^_ issued pursuant to Rule 7.1 by the 

aux ceeiB INTERNATIONAL DEPOSITARY AUTHORITY 

Jealotte Hill Research StatLcn identified at the bottom of this page 
Bracknell, Berkshire 
RG12 6EY 



L_ 



NAME AND ADDRESS 
OF DEPOSITOR 



I. IDENTIFICATION OF THE MICROORGANISM 



Identification reference given by the 
DEPOSITORS 



Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY s 



Escherichia coli XLl-Blue pTCAD19 NCIMB 40401 



II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION 



The microorganism identified under I above was accompanied bya 
f~l a scientific description 
1 A | a proposed taxonomlc designation 
(Hark with a cross where applicable) 



III. RECEIPT AND ACCEPTANCE 



This International 
which was received 



Depositary Authority accepts the microorganism identified under I above, 
by it on 8 April 1991 (date of the original deposit) 1 



XV. RECEIPT OF REQUEST FOR CONVERSION 



The microorganism identified under I above was received by this International 

Depositary Authority on (date of the original deposit) and 

a request to convert the original deposit to a deposit under the Budapest Treaty 

was received by it on (date of receipt of request for conversion) 



V. INTERNATIONAL DEPOSITARY AUTHORITY 



Address s 



NCIMB Ltd 

23 St Machar Orive 
Aberdeen Scotland 
UK AB2 1RY 



Signature(s) of person(s) having the power 
to represent the International Depositary 
Authority or^of authorised official(s): 



Datet 




1991 



1 Where Rule 6.4(d) applies, such date is the date on which the status of international depositary 
authority was acquired. 



Form BP/4 (sole page) 



BUDAPEST TREAT* OH TIIE INTERNATIONAL 
nECOGNITION OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT PROCEDURE 



r 



Vfr F M HJBktssrn 
Imperial Chemical Industries pic 
ICI Seeds 
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